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Description

PENDING APPUCATIONS

5 iliustrated in copending application, U.S. Serial No. 828.850. the disclosure of which is totally incorporated herein

by reference, is ink with separated, or dissociated resin and pigment particles.

BACKgRQUND QF TH^ INVENTION

10 The present invention is generally directed to aqueous ink compositions. More specifically the present invention is

directed to colored, especially pigmented, aqueous ink oonpositions particularly suitable for use in Inkjet printing proc-

esses, and especially thermal Inkjet processes, and wherein the inks enable Images with excellent smear resistant

characteristics. Moreover, with the inks of the present invention paper curt is minimized and image smearing is minimal,

or avoided. In embodiments, the present invention relates to imaging processes with Inkjet Inte comprised of water,

IS pigment, and resin emulsion particles. Further, images developed with the inks of the present invention in embodiments

enable ink jet prints of excellent resolution, acceptable density, excellent waterfastness, minimum or very low show-

through, and excellent MFLEN.

PRIOR ART
' 20

Ink jet printing can be considered a non-inpact method that produces droplets of ink that are deposited on a sub-

strate, such as paper or transparent film, in response to an electronic digital signal. Thermal or bubble jet drop-on-

demand ink jet printers have found broad application as output for personal computers in the office and the home
In existing thermal Inkjet printing, the printhead typically comprises one or more Inkjet ejectors, such as disclosed

25 in U.S. Patent 4,463,359, the disclosure of which is totally incorporated herein by reference, each ejector including a
channel communicating with an ink supply chamber, or manifokl, at one end and having an opening at the opposite end,

referred to as a nozzle. A thermal energy generator, usually a resistor, is located in each of the channels, a predeter-

mined distance from the nozzles. The resistors are individually addressed with a current pulse to momentarily vaporize

the ink and form a bubble which expels an ink droplet. As the bubble grows, the ink rapidly bulges from the nozzle and
30 is momentarily contained by the surface tension of the ink as a meniscus. This is a very temporary phenomenon, and

the ink is quickly propelled toward a print sheet As the bubble begins to collapse, the ink still in the channel between

the nozzle and bubble starts to move toward the collapsing bubble, causing a volumetric contraction of the ink at the

nozzle, and resulting in the separation from the riozzte of the bulging ink as a droplet. The feed of additional ink provides

the momentum and velocity for propelling the droplet towards a print sheet, such as a piece of paper. Since the droplet

35 of ink is emitted only when the resistor is actuated, this type of thermal ink jet printing is known as 'drop-on-demand*

printing. Other types of ink jet printing, such as continuous-stream or acoustic, are also known.

In a single-color ink jet printing apparatus, tiie printhead typically comprises a linear aray of ejectors, and the print-

head is nwed relative to tiie surface of the print sheet, either by moving the print sheet relative to a stationary print-

head, or vice-versa, or both. In some types of apparatus, a relatively small printhead moves aaoss a print sheet

40 numerous times in swathes, much like a typewriter Alternatively, a printhead. which consists of an array of ejectors and

extends the full width of the print sheet may be passed once down flie print sheet to give full-page images in what is

known as a "full-width array" (FWA) printer. When the printhead and the print sheet are moved relative to each other,

imagewise digital data is used to selectively activate the thermal energy generators In tiie printhead over time so that

the desired image will be created on tiie print sheet

45 Witii tiie demand for higher resolution printers, tiie nozzles in ink jet printers are decreasing in size. Nozzle open-

ings are typically about 50 to 80 micrometers in vvidth or dianteter for 300 spi printers. With the advent of 600 spi print-

ers, tiiese nozzle openings are typically about 10 to about 40 micrometers in widtti or diameter. These small dimensions

require inks that do not plug or minimize plugging of tiie small openings.

Therefore, an important requirement for an Inkjet ink is tiie ability of the Ink to be stable with minimal or no settiing.

60 the ability of the ink to remain in a fluid condition in a printhead opening an exposure to air, and moreover, wherein when
the inks are selected for Inkjet printing there is minimized paper curi. or wherein paper curl can be controlled.

Anottier important measured property for an ink jet ink is the latency or decap time, which is the length of time over

which an ink remains fluid in a printhead opening or nozzle when exposed to air and, tiierefore. capable of firing a drop

of Ink at its intended target Latency is the maximum Idling times allowed for ink to be jetted by a printer with a speed
55 equal to or greater than 5 m/s (equivalent to an ink traveling a distance of 0.5 millimeter in less tiian 100 |is) without a

failure. This test is operated witii the printiiead or nozzles uncovered or decapped, and generally at a relative humidity

of 15 percent The time interval Is the longest lengtii of time that the printhead, uncovered, will still fire a specified drop

without drop displacement or loss of density. The longer the latency time rating, the more desiratile the ink. The inks of
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the present irrvention possess many of these characteristics in embodiments thereof.

Moreover, an important requirement for ink jet inks, especially for pigment, such as cartx>n blacK based inks. Is for

the pigment dispersion to remain substantially stable throughout the life of the ink jet cartridge. Dye-based ink jet inks

can suffer from deficiencies in waterfastness. smear resistance and lightfastness after being printed on various sub-

5 strates. Pigments provide an image, on a wide variety of substrates, having high optical density with high waterfastness.

smear resistance and lightfastness. Therefore, pigments are a preferred altemative to dyes, provkied the pigment dis-

persions can be made stable to prevent floccuiation and/or aggregatk)n and settling. Some cosdvents that function as

clogging inhibitors cause destabilization of pigment dispersions and, therefore, cannot be used in pigmented inks.

There is thus a need for aqueous ink compositions that can be utilized in high resolution Inkjet printers. Additionally.

10 there is a need for pigmented inks that provide high latency and also remain stable throughout the life of the Inkjet car-

trkfga There is also a need for pigmented inks that provkle high optical density in a single application or pass. More
importantly, there is a need for ink jet inks wherein paper curi. and/or image smearing can be eliminated or minimized

when such inks are selected for ink jet printing processes.

75 SUMMARY OF THE INVENTION

The present invention relates to an aqueous Inkjet ink composition comprising water, colored, especially pigment,

particles, and an ink smear reducing additive conprised of a certain latex, that is resin emulsion. More specifically, the

present invention relates to ink additives comprised of a resin emulsion comprised of first resin particles, and solubilized

20 resin derived from the polymerization in water of an olefinic acki, such as acrylic acid or methacrylic add. and an olefinic

(meth)acrylat6. such as methyl methacrylate. benzyl methacrylate and polyethyleneglycol methacrylate. and wherein

the resin possesses, for example, a number average molecular weight of from about 1.000 grams per mole to about

1 5.000 grams per mole, and the weight average molecular weight thereof is from about 1 .500 grams per nrx}le to about

40.000 grams per mole. The resin emulsion is preferably comprised of from atxxjt 60 to about 99 weight percent of resin

25 particles, of average diameter of from about 30 nanometers to about 300 nanometers, and from about 2 to about 40
weight percent of solubilized resin. Both the resin particles and solubilized resin can be generated from a free radical

type process in water, and wherein one of tiie monomers is water soluble, such as an acrylic add or methacrylic ackJ.

and the otiier monomer(s), or second monomer in embodiments, possess low solubility in water, such as from about

0.05 to about 2 percent soluble in water, such as for example an alkyi acrylate or alkyi methacrylate or polyoxy-

30 alk/lene(meth)acrylate. The free radical initiator utilized is generally an emulsion type initiator, such as a persulfate like

potassium or ammonium persulfate^ and chain transfer agents are utilized to adjust the molecular weight of the resin

and for adjusting the resin partide to solubilized resin ratio. Chain transfer agents selected indude alkyltiiid such as
dodecanethioi, halogenated cartx)ns such as cartx>n tetrabromide, or preferably a combination of alkylthiol and halo-

genated cartx)n. Surfactants can also be incorporated into the resin emulsion such as anionic, cationic and nonionic

35 resin. Generally, tiie olefinic addic monomer utilized, such as acrylic ackJ or methaaylic add, is from about 5 to about

20 weight percent of the resins, the olefinic alkyi(meth)acry!ate is from about 40 to about 60 percent ksy weight of the

resins, and tiie polyetiiyleneglycol mettiacrylate. or more generally a low molecular weight polyethylene glycol capped
with a methacrylate or acrylate is from about 0 to about 20 percent by weight of the resins.

Preferably, the resin emulsion is comprised of about 90 to about 97 weight percent of first resin particles, and from

40 about 3 to about 10 weight percent of second water soluble resin particles, and wherein both resin particle and solubi-

lized resin are derived from a mixture of olefinic monomers such as about 10 percent by weight of methacrylic ackl, 60
percent by weight of benzyl methaaylate and 30 percent by weight of polyethyleneoxkJe-methacryfate of an average

molecular weight of from about 346 grams per mole. Although both the resin particles and solubilized resin are derived

from the same monomers, tiie monomer may be different in tiie resin particles as compared to the solubilized resin.

45 More spedfically. it is believed that the solubilized resin contains more acidic monomer than tiie latex partides.

Embodiments of the present Invention include an ink comprised of a vehide, colorant, and resin emulsion, and
wherein the resin emulsion contains water, surfactant, resin particles and solubilized resin ok>tained from the polymeri-

zation of a mixture of olefinic monomers, and wherein at least one of the olefinic monomers is an add.

Preferably, the acid olefinic monomer is metiiacrylic add. sodium acrylate, potassium acrylate. sodium methacr-

50 ylate, or potassium metiiacrylate acrylate; tiie resin partides possess an Mw of from about 1,500 to about 50,000

grams per momle. and wherein said resin partides possess an Mn of from about 1 ,000 to about 1 5,000 grams per mole.

It is preferred tiiat tiie ink contains biocide and humectant, and/or ink additives. The ink additive is preferably a sur-

factant; wherein tiie surfactant is preferably sodium dodecylbenzene sulfonate; polyethylene oxide, polyetiiylene oMe
nonyl phenyl ether, tetraalkyi ammonium chloride, or sodium naphthalene sulfonate selected in an amount of from

55 about 0.005 to about 20 weight percent of the resin. Preferably, the biocide is present in an anwunt of from about 0.01

to about 5 weight percent of tiie ink, and the humectant is present in an amount of from about 0.01 to about 35 weight

percent of the ink solids.

Preferably, tiie colorant is a pigment In this embodiment the mixture of olefinic monomers Is preferably comprised
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of aikyl acrylate. alkyi methacrylate, benzyl methacrylate, polyoxyalkylene acrylate. polyoxyalkylene methacrytate, acid

olefinic monomer, or styrene functional monomers; preferably from 1 to about 5 otefinic monomers are selected;

wherein the alkyI acrylate or alkyi methacrylate is methyl acrytate. methyl methacrylate. ethyl acrytate. ethyl methacr-

ylate. propyl acrylate. propyl methacrylate, butyl acrylate, butyl methacrylate. hexyl acrylate, hexyl methacrylate. pentyl

5 acrylate. pentyl methacrylate, heptyt acrylate. heptyl methacrylate, octyl acrylate. octyl methacrylate. nonyl acrylate.

nonyl methacrylate, decyl acrylate. decyl methacrylate. lauryl acrylate. lauryl methacrylate, stearyt acrylate. stearyl

methacrylate, dodecyl acrytate, or dodecyl methacrylate; wherein the polyoxyalkylene acrylate or methacrylate is of the

formula

wherein R is hydrogen, or alkyI with from about 1 to about 6 cartXDn atoms, and n is a number of from about 2 to

about 100; and wherein the surfactant is sodium dodecylbenzene sulfonate, polyethylene oxide, polyethylene oxide

2S nonyl phenyl ether, tetraalkyi ammonium chloride, or sodium naphthalene sulfonate selected in an anmunt of from

about 0.005 to about 20 weight percent of the resin.

In one specific embodiment the resin emulsion is prepared by charging a one liter kettle equipped with a mechan-

ical stirrer with from about 240 to about 260 grams of water. 1 .0 to about 3.0 grams of sodium dodecylbenzene sulfonate

obtained from Rhone-Poutenc as Rhodacal Ds- 1 0, and from about 1 .5 to about 2.5 grams of Triton X>100 (alkylphenox-

30 ypolyethanol) available from Aldrich Chemicals. This mixture is then stirred for about 2 hours at about 1 00 to about 200

revolutions per minute. To this solution is then added about 1 .5 to about 2.5 grams of ammonium persulfate, fblbwed

by the addition of an organic mixture containing from about 25 to about 30 grams of methacrylic ackJ, 60 to about 70

grams of benzyl methacrylate, 20 to about 30 grams of polyethyleneglycol methacrylate with a molecular weight of 246

grams per mole, about 0 to about 6 grams of dodecanethiol, and from about 0 to about 5 grams of caitK)n tetrabromide.

35 The mixture is then heated to about 70 to (Centigrade) for a duration of, for example, from about 3 to about 16

hours. The product was tiien cooled to room temperature, and a sample (about 10 grams) is freeze dried and analyzed

by GPC with a resin, a nunriber average molecular of about 5.000 to about 90.000, a weight average molecular weight

of about 2,000 to akx)ut 100.000 grams per mole and a polydispersity of about 2.0 to about 5.

The present invention relates to an Imaging process which comprises the development of an image with the ink of

40 the present invention and thereafter fixing said image on a substrate.

Also, the present invention relates to a high resolution printing process compristng applying the ink of the present

Invention in imagewlse fashion to a substrate. The ink possesses a latency of at least 20 seconds in a printer having at

least one nozzle of a channel wkith or diameter ranging from 10 to about 40 microns, and wherein the paper curl is min-

imized or eliminated.

45 Important embodiments of the present invention include an imaging process which comprises the development of

an image with an aqueous ink jet ink composition comprised of pigment water, and resin emulsion illustrated herein

present In an amount of from about 25 to about 50 weight percent; an imaging process which comprises the develop-

ment of an image with the aqueous ink jet ink composition and wherein images with minimal curiing and minimal smear-

ing are obtained; a high resolution printing process comprising applying in imagewlse fashion to a substrate In a printer

60 having at least one nozzle of a channel wkfth or diameter ranging from about 10 to about 4 microns the aqueous ink jet

ink composition; a process for redudng or eliminating paper curi in a xerographic Inkjet apparatus which comprises

generating images in the apparatus and developing the images with tiie aqueous Inkjet ink composition; a high resolu-

tion printing process comprising applying in imagewlse fashion to a substrate in a printer with at least one nozzle of a
channel wkith or diameter ranging from about 10 to about 40 miaons ttie ink of the present invention; wherein said

55 printing process is preferably conducted by a 600 spi inke jet printer; a process for reducing or eliminating paper curl

and avokiing or mimizing smear in a xerographic Inkjet apparatus which comprises generating Images in said appara-

tus and developing said images with the ink of the present invention; a process for tiie preparation of a resin emulsion

connprised of adding a mixture of olefinic nranomers and chain transfer agents to an aqueous solution oonrprlsed of a

20
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free radical initiator and surfactant fbllmed by heating tine resultant mixture; wherein the surfactant is preferably

sodium dodecylbenzene sulfonate, polyethylene oxide, polyethylene oxide nonyt phenyl ether, tetraalkyi ammonium
chloride, sodium naphthalene sulfonate, and which surfactant is selected in an amount of typically from about 0.5 to

about 2 weight percent of the resin emulsion.

5 Imaging processes of the present invention in en^)odiments thereof possess a number of advantages including

excellent waterfastness. lightfastness. low product cost, high image resolution, excellent print quality on a variety of sub-

strates, excellent jetting capability with high drop velocity, longer latency, larger drop nnass or drop volume which pro-

vides optimal optical density in a single pass, high frequency response which allows for high speed printing, excellent

printhead recoverability and maintainability, excellent Ink stability, nfunimal ink and pigment settling, minimal or no print-

10 head Kogation. and more importantly, wherein the inks when selected for ink jet processes enable the minimlzatton of

paper curl and wherein smearing is avoided or minimized.

The liquid vehicle of the inks employed for the process of the present invention include water, or may comprise a
mixture of water and a misctble organic component, such as glycols like thioglycds, ethylene glycol, propylene glycol,

diethylene glycols, glycerine, dipropylene glycols, polyethylene glycols, polypropylene glycols, amides, ethers, carbox-

15 yllc acids, esters, alcohols, organosulfides, organosulfoxides. suKbnes. dimethylsulfoxide, sulfblane, alcohol derivatives,

carbitol. butyl carbitol. cellusolve. ether derivatives, amino alcohols, ketones, and other water miscible materials, and

mixtures thereof.

When mixtures of water and water miscible organic liquids are selected as the liquid vehicle, the water to organic

ratio may be in any effective range, and typically is from about 100:0 to about 30:70, preferably from about 97:3 to about

20 50:50. although the ratio can be outside these ranges. The non-water component of the liquid vehicle generally serves

as a humectant which has a boiling point higher than that of water (1 OO'^C). The colorant, especially pigment dispersion

can be mixed with different humectants or solvents for ink jet inks including etfiyleneglycol. diethyleneglycol, propyl-

eneglycol, dipropylene glycol, polyethyleneglycols. polypropyleneglycols. glycerine, trimethylolpropane, 1,5-pentanedi-

ols, 1,6-hexanediols, diols and triols containing 2 to 10 carbons, sulfoxides (for example, dimethylsulfoxide, alkylphenyl

25 sulfoxides, etc.). sulfones (for example sulfblane. dialkyl sulfones. alkyl phenyl sulfones. and the like), amides (for exam-

ple N.N-dialkyI amides, N.N-alkyl phenyl amides. N-methylpyrrolidinone. N-cydohexylpyrrolidlnone, N.N-diethyltolua-:

mkJe, 2-pynrolidinone. etiiers such as alkyl ether derivatives of alcohol, etherdiols. and ethertriols including butylcarbitol.

alkyl polyetiiyleneglycols, and the like), urea, betaine. and the tiiio(sulfur) derivatives of the aforementioned materials

(for example, thioethyleneglycol. trithioethyleneglycol. and the like). Desired penetrants, water soluble polymers. pH
30 buffer, bioddes. cheating agents (EOTA and ttie like), and optional additives can also be used. In the inks employed for

the process of tiie present inventbn, tiie liqukJ vehicle is generally present in an amount of from about 50 to about 99.5

percent by weight, preferably about 55 to about 95 percent by weight, and more preferably from about 60 to about 90
percent by weight, although the amount can be outside these ranges.

Examples of surfactants include the alcohol surfactants illustrated herein, and more specifically, a mixture of see-

ds ondary alcohols reacted with ethylene oxide, such Tergitol 15-S series surfactants available from Union Carbide, poly-

ethylene oxide, alkylphenoxy-polyethylene oxide, such as Triton X-100 available from AkJrich Chemical Company,

polyethylene oxide nonylphenyl etiier available as IGEPAL from AMrich Chemical Company, or as ANTAROX from

Rhone Poulenc. The surfactants are utilized in various effective anrxsunts. such as for example from about 0.1 to about

5 percent, and from 1 to about 3 weight percent by weight of tiie ink.

40 The colorant for the ink compositions of ttie present invention is preferably a pigment in an amount for example, of

from about 1 to about 5 weight percent The pigment can be black, cyan, magenta, yellow, red. blue, green, brown, mix-

tures thereof, and the like, and is preferably the cartion black Levanyl. cartx)n black product obtained from Bayer, or sim-

ilar cartx>n blacks obtained from Cabot Corporation. Examples of suitat)le black pigments include various carbon blacks

such as channel black, furnace black, lamp blacK and tiie like. Colored pigments include red, green, blue, brown.

45 magenta, cyan, and yeilow particles, as well as mixtures tiiereof. Illustrative examples of magenta pigments include 2.9-

dimettiyl-substituted quinacrklone and anthraquinone. identified in the Color Index as CI 60710. CI Solvent Red 19, and

the like. Illustrative examples of suitable cyan pigments include copper tetra-4-(octadecyl sulfonamido)phthak)cyanlne,

X-copper phthalocyanine pigment, listed in the Color Index as CI 74160, CI Pigment Blue, and Anthradanthrene Blue,

identified in the Color Index as CI 69810, Special Blue X-2137. and the like. Illustrative examples of yellow pigments

so that can be selected include diarylide y^low 3.3-dichlorobenzidene acetoacetanilides, a nfX}noazo pigment identified in

the Color Index as C1 12700, CI Solvent Yellow 16. a nitrophenyl amine sulfonamide Identified in the Cotor Index as

Foron Yellow SE/QLN. CI Dispersed Yellow 33, 2.5-dimethQxy-4-sulfonanilide phenylazo-4'-chloro-2.5-dimethoxy ace-

toacetanilide. Permanent Yellow FGL, and tiie like. TTie preferable pigment dispersions include cartx)n blacks, such as

Hostafine Black (T and TS). Sunsperse 9303, Cabot*s CABOJET Series, and Levanyl Black A-SF cartx)n black prod-

55 ucts from Cabot Corporation, such as CABOJET 300, is preferred.

Preferably, ttie colorant preferably pigment, particle size is small to enable a stable colloidal suspension of tiie par-

ticles in tiie lk)uid vehtole and to prevent clogging of tiie ink channels when the ink Is used in a tiiemial ink jet printer.

Preferred particle average diameters determined using a light scattering analyzer, such as a Coulter N4 plus light scat-

5
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tering analyzer, are generally from about 0.001 to about 5 microns, and more preferably from about 0.01 to about 3

microns in volume average diameter, although the particle size can be outside these ranges. A more preferred pigment

particle size includes particles having at least 70 percent of the particles being below 0.1 micron with no particles being

greater than 1.0 micron (measured on a Hodaka CAPA 700 Particle Size Analyzer). More preferably, the pigment par-

5 tide size Includes particles having at least 90 percent of the particles being below 0.1 micron with no partides being

greater than 1 .0 micron.

The pigment is present in the ink composition in various effective amounts and generally from about 1 to about 20

percent by weight, preferably from about 2 to about 10 percent by weight, more preferably from about 2.5 to about 9

percent by weight although tiie amount can be outside of these ranges.

10 Polymeric additives can also be added to tiie Inks employed in the process of the present invention to enhance ttie

viscosity of the ink. including water soluble polymers such as Gum Arabic, polyaaylate salts, polymethacrylate salts,

polyvinyl alcohols, hydroxypropylcelluloee. hydroxyethylcellulose. polyvinylpyrrolidinone. polyvinylether, potyethylene-

imines derivatized with polyethylene oxide and polypropylene oxide, such as the DISCOLE® series available from DKS
International. Tokyo. Japan, the JEFFAMINE® series available from Texaco. Bellaire, Texas, and the like. Polymeric

IS additives may be present in the ink of the present invention In amounts of from 0 to about 1 0 percent by weight, prefer-

ably from about 0.001 to about 8 percent by weight, and more preferably from about 0.01 to about 5 percent by weight,

although the amount can be outside these ranges.

Further optional additives to tiie inks employed in the process of the present invention include biocides. such as

DOWICIL 150. 200. and 75, benzoate salts, sorbate salts, and tiie like, present In an amount of from 0 to about 10 per-

20 cent by weight, preferably from ak)out 0.001 to about 8 percent by weight, and more preferably from about 0.01 to about

4.0 percent by weight, although the amount can be outside tiiese ranges, penetration control additives such as N-meth-

ylpyn'olkJinone. sulfbxides, ketones, lactones, esters, alcohols, butyl carbitol. benzyl alcohol, cydohexylpyrrolidinone.

1,2-hexanediol. and the like, present in an amount of from 0 to about 50 percent by weight, and preferably from akx>ut

5 to about 40 percent by weight, although the amount can be outside ttiese ranges, pH controlling agents, such as acids

2s or. bases, phosphate salts, cart)0xylates salts, sulfite salts, amine salts, and the like, present in an amount of from 0 to

about 1 percent by weight preferably from about 0.001 to akx)ut 1 percent by weight, and more preferably from about

0.01 to about 1 percent by weight, altiiough the amount can be outskle these ranges, or tiie lika

Other examples of suitable ink additives include those illustrated in U.S. Patent 5,223.026 and U.S. Patent

5.207,825, the disclosure of each of which is totally Incorporated herein by reference.

30 Aqueous ink compositions according to the present invention may also be provided by mixing the formed inks with

humectants. and other ink additives. The mixing can be done by various methods induding homogenizing, sonification.

microfluidization, mechanical mixing, magnetic stirring, high speed jetting, and the lika

The dispersed pigment can be used as an ink as is. but preferably the tiioroughly mixed pigment ink mixture Is first

cenfrifuged by a batch process or a continuous process utilizing commercially available equipment, such as bottie cen-

3S trifuges, preparative ultracentrifuges, analytical ultracentrifuges, zonal centrifuges, tubular centrifuges, disk centrifuges,

continuous conveyor-discharge centrifuges, basket centrifuges, liquid cyclones, and ttie like to remove large pigment

partides from the ink. Centrifuging should be conducted for a time suffident to renrx)ve large size particles and at a rate

of about 4.000 to 8.000 rpm. The continuous centrifuge process is very useful in the commercial production of large

quantities of pigment ink for the separation of large pigment partides from the ink. The ink is also preferably subjected

40 to a filtration process which utilizes various commerdal fQtration media induding cartridges constructed from nylon, pol-

yester. TEFLON®, polysuHbne, polyethylene, glass fiber and otiier suitable pdymeric materials; membranes; porous

ceramic media; dotti; and tiie like. The filter should be of a size to remove partides greater than 3 pm in size, preferably

greater than 1 .2 ^m In size, and most preferably greater than 1 pm in size. Any suitable filtration method, such as con-

tinuous and/or batch filtration mettiods, may be used. Continuous filtration methods are preferred for large scale pro-

45 duction of pigment inks. Inks, which have been centrlfuged and ffltered so as to preferably remove particles greater than

^pm\n size from the ink. are suitable tor use as Inkjet inks because of their ability to not dog the Inkjet and ttieir long

latency and jetting stability. The inks of tiie present invention possess excellent latency. Generally, the inks possess a
latency of at least 20 seconds, more generally on ttie order of 30 seconds to greater than 1 ,000 seconds, with a mini-

mum latency of at least 30 seconds being pr^en^ed.

so

The properties of the fbllGMring prepared ink compositions were evaluated as folkaws:

55 A)PhYSlc?| Prop^rtlQ^;

The viscosity of the Ink was measured at 25^*0 using a BrooMield Model DV-1 1 viscometer.

The surface tension of the ink was measured at 25"C using a Kruss model K10T plate tensiometer.

6
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The pH was measured at 25'*C using a Corning model 345 pH meter.

B)PrY Sme^r R^lstanpe;

5 The inks were placed in an ink jet printer HP850C (Hewlett Packard). After an image was printed, the image was
allowed to stand, or remain at room temperature, about 25*^0 throughout, for 24 hours prior to evaluation. The optical

density of the solid area was measured prior to smear testing using a densitometer (X-Rite 428). The images were

printed on several media such as Xerox Courtland 4024DP and Image Series LX paper. A clean sheet of the matching

paper was placed on top of the solid area image. Using a rub tester (Manufactured by Testing Machines Inc.). a 4 pound
70 weight was placed on top of the covered image. At a speed of 85 rubs per minute, the image was subjected to 50 rubs

at 25**C and 50 percent RH. The area adjacent to the solid area image was measured using the densitometer.

Wet Smear Reslstanee:

IS The inks were placed in an ink jet printer HP850C (Hewlett Packard). After a lined image was printed, the image

was allowed to stand, or remain at room tenrperature for 24 hours prior to evaluation. The optical density of the solid

area was measured prior to smear testing using a densitometer pc-Rite 428). The images were printed on several

media such as Xerox Courtland 4024DP and Image Series LX paper. An inhouse micro wet smear test fixture was used

to smear the image with the use of water wetted chisel tips (similar to highlighter felt tips). The saturated tips was
20 assembled into a mechanical pen. The mechanical pen equipped with the wetted tip was traversed across the image at

a force of 80 to 100 grams. This procedurewas repeated three times across unsmeared regions of the image. The opti-

cal density of the area between the printed lineswas measured and averaged over at least ten measurements. The opti-

cal density of the background of the media was subtracted from the optical density adjacent to the imaga

25 CI Stability:

50 Grams of ink were placed in a capped bottle and allowed to stand at a temperature of 60^0 for 24 hours. The
ink physical properties were measured after heat treatment. For comparison, the shelf standing ink was also measured
for physical properties. Large changes greater than 0.3 centipoise units for viscosity indicated instability. Other physical

30 properties, such as surface tension or pH. were monitored, and changes of 3 dynes/cm or a change in pH by more than

about 0.5 would indicate instability. Observation of the ink standing on the shelf at room temperature, about 25''C

throughout, for settling was also tested.

P) Optical Density:

35

An image was printed t?y an ink jet printer HP855C on each of the following papers: Xerox Courtiand 4024DP and
Inrmges Series LX. The optical density of the printed image was measured by an X-Rite densitometer.

The ink may be applied to a suitable substrate in imagewise fashion. Application of the ink to the sutDStrate can be
by any suitable process compatible with aqueous-based inks, such as flexographic printing, pen plotters, continuous

40 stream Inkjet printing, drop-on-denrand ink jet printing (including k>oth piezoelecti'ic and thermal Inkjet processes), or

the like. The substrate employed can be any substrate compatible with aqueous-based inks, including plain paper, such

as Xerox series 10 paper. Xerox 4024 paper, or the tike, coated papers, such as those available from Jujo, transparency

materials suitable for aqueous inks or ink jet printing processes, or the like.

The following Examples, Comparative Examples and data are provided.

45

EXAMPLE 1

A resin emulsion comprised of resin particles was derived from 23.6 percent by weight of methacrylic acid, 55.4

percent by weight of benzyl methacrylate. 21.0 percent by weight of polyethyleneglycol methacrylate (M^ a 246
so grams/mol e). and no chain transfer agents.

A one liter kettle equipped with a mechanical stirrer was charged witii 240 grams of water, 1.8 grams of sodium

dodecylbenzene sulfonate obtained from Rhone-Poulenc as Rhodacal Ds-10, and 2 grams of Triton X-100 (alkyiphe-

noxypolyethanol) available from Aldrich Chemicals, and the mixture was stin'ed for 2 hours at about 100 revolutions per

minute. To this solution were then added 1 .8 grams of ammonium persuHate, fdiowed by the addition of an organic mix-

ss ture containing 28.3 grams of metiiacrylic acid. 66.5 grams of benzyl methacrylate. and 25.2 grams of polyethylenegly-

col methacrylate with a molecular weight of 246 grams per mole. The mixture was then heated to 80''C for a duration of

6 hours. The resin emulsion product was then cooled to room temperature, and a sample (about 10 grams) was freeze

dried and analyzed by GPC to have a number average molecular weight of about 87,800, and a weight average molec-

7
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ular weight of about 35.700 with a polydisperslty of 2.46. The sample product contained both resin partides and eolu-

bilized resin particles.

EXAMPLE lA

5

An Ink comprised of 4.5 percent by weight of CABOJET 300 carbon black obtained from Cabot Corporation. 20 per-

cent by weight of suHblana (obtained from Bayer), 0.05 percent by weight of polyethyteneoxide (M^ « 18.500

gramsAnole) (obtained from Polysciences), and 0.55 percent by weight of resin emulsion derived from Example I was
prepared by dissolution of the PEO in water through simple agitation using a stir bar for about 5 minutes, followed by

10 the addition of sutfolane and resin emulsion. This mixture was added to a stirring solution of CABOJET 300 cartx>n

black. The ink mixture was stirred with a stir bar for about 5 to about 10 minutes, and the resulting ink mixture was fil-

tered through a 1 ^im glass fiber filter.

EXAMPlg I I

IS

A resin emulsion comprised of resins was derived from 23.6 percent by weight of methacrylic acid, 55.4 percent by

weight of benzyl methacrylate. 21 percent by weight of polyethyleneglycol methacrytate (M^ = 246 gramsAnole). 3 per-

cent by weight of dodecanethlol and 1 percent by weight of cartx)n tetrabromide.

A one liter kettle equipped with a mechanical stirrer was charged with 240 grams of water, 1.8 grams of sodium

20 dodecylbenzene sulfonate obtained from Rhone-Poulenc as Rhodacal Ds-10. and 2 grams of Triton X-100 (alkytphe!^

noxypolyethanoO available from Aktrich Chemicals, and this mixture was stirred for 2 hours at about 100 revolutions per

minute. To this solution were then added 1 .8 grams of ammonium persuHate, followed by the addition of an organic mix-

ture containing 28.3 grams of methacrylic acid. 66.5 grams of benzyl methacrylate. 25.2 grams of polyethyleneglycol

methacrylate witii a molecular weight of 246 grams per mole. 3.6 grams of dodecanethlol and 1 .2 grams of cartx>n tetra-

ds bromide. The mixture was then heated to 80''C for a duration of 6 hours. The resin emulsion was then cooled to room
temperature, and a sample (about 10 grams) was freeze dried and analyzed by GPC. and the resin had a number aver-

age molecular weight of about 20.580, a weight average molecular weight of about 8,193 witii a polydisperslty of 2.5.

EXAMPLE IIA

30

An ink comprised of 4.5 percent by weight of carbon black CABOJET 300 obtained from Cabot, 20 percent by

weight of suHblane (obtained from Bayer), 0.05 percent by weight of pdyetiiyleneoxkie (M^ = 18,500 grams/riiole)

(obtained from Polysdences), and 1 ,0 percent by weight of the resin emulsion of Example II was prepared by the dis-

solution of the PEO in water through simple agitation using a stir bar for about 5 minutes, followed by the addition of

35 sulfolane and resin emulsion. This mixture was added to a stirring solution of the CABOJET 300 carbon black. The
resulting ink mixture was stirred with a stir bar for about 5 to about 10 minutes. The resulting Ink mixture was filtered

through a 1 glass fiber filter. The ink was jetted out of a Xerox 600 dpi hardware and ttiis Ink exhibited a latency of

20 seconds.

40 EXAMPLE IIB

An Ink comprised of 3 percent by weight of carbon blackCABOJET 300 obtained from Cabot. 22 percent by weight

of sulfolane (obtained from Bayer). 6 percent by weight of 2-pyrroridinone (obtained form Aldrich). 0.05 percent by

weight of polyetiiyleneoxide (M^ » 18,500 grams/mole) (obtained from Polysciences), and 1 percent by weight of solids

45 derived from Example II resin emulsion was prepared by the dissolution of the PEO in water through simple agitation

using a stir bar for about 5 minutes, followed by the addition of sulfolane, 2-pyn'olkiinone. and resin enulsioa This mix-

ture was added to a stirring solution of tiie CABOJET 300 carbon black. The ink mixture was stin'ed with a stir bar for

about 5 to about 1 0 minutes. The resulting ink mixture was filtered through a 1 ^m glass fiber fitter. The Ink was Jetted

from a Xerox 600 dpi hardware, and tills ink exhibited a latency of 45 seconds.

so

EXAMPLE in

A resin emulsion comprised of resins derived from 23.6 percent by weight of methacrylic acid, 55.4 percent by

weight of benzyl methacrylate, 21 percent by weight of polyethyleneglycol methacrylate (Myy » 246 grams/hnole). 5 per-

55 cent by weight of dodecanetiiiol and 1 percent by weight of casbon tetrabromide was prepared.

A one liter kettle equipped with a mechanical stirrer was charged with 240 grams of water. 1 .8 grams of sodium

dodecylbenzene sulfbnate obtained from Rhone-Poulenc as Rhodacal Ds-10. and 2 grams of Triton X-100 (alkytphe-

noxypolyethanoO available from Aklrich Chemicals, and the resulting mixture was stinred for 2 hours at about 100 revo-

8
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lutions per minuta To this solution, was then added 1 .8 grams of anrtmonium persutfate followed by the addition of an

organic mixture containing 28.3 grams of methacrylic add. 66.5 grams of benzyl methacrylate, 25.2 grams of polyeth-

yleneglycd methacrylate with a molecular weight of 246 grams per mole. 6.2 grams of dodecanethiol and 1 .2 grams of

cartx)n tetrabromida The mixture was then heated to 80^0 for a duration of 6 hours. The resin enrujlsion product was

5 then cooled to room temperature, and a sample (about 10 grams) was freeze dried and analyzed by GPC. and the resin

possessed a number average molecular 1 1 .950. a weight average nrx>lecular weight of about 4.500 with a polydisperslty

of 2.6.

EXAMPLE IIIA

70

An ink comprised of 4.5 percent by weight of carbon black CABOJET 300 obtained from Cabot, 20 percent by

weight of sultolane (obtained from Bayer), 0.05 percent by weight of polyethyleneoxide (M^ » 18,500 gramsAnole)

(obtained from Polysdences). and 0.55 percent by weight of latex derived from Example III was prepared by dissolution

of the PEO in water through simple agitation using a stir bar for about 5 minutes, followed by the addition of suKolane

IS and resin emulsion. This mixture was added to a stirring solution of the CABOJET 300 cartwn black. The ink mixture

was stirred with a stir bar for about 5 to about 10 minutes. The resulting ink mixture was filtered through a 1 pm glass

fiber filter.

EXAMPLE IV

20

A latex resin emulsion comprised of resins derived from 12 percent by weight of methacrylic add. 78 percent by

weight of butyl methacrylate. 10 percent by weight of glyddyl methacrylate. 2 percent by weight of dodecanethiol and

2 percent by weight of carbon tetrabromide was prepared.

A 500 milliliter jacketed glass flask equipped with a mechanical stirrer. 1 .2 grams of ammonium persulfate. 2 grams
25 of socSum dodecylbenzene sulfonate obtained from Rhone-Poulenc as Rhodacal Ds-10, 2 grams of Triton X-100 (alkyl-

phenoxypolyethanol) available from Union Carbide, and 320 grams of deionized water were deaerated for 30 minutes.

A monomer mixture of 9.6 grams of methacrylic acki. 62.4 grams of butyl methacrylate. 8 grams of gtyckJyt methacr-

ylate. 1 .6 grams of dodecanethiol and 1 .6 grams of carbon tetrabromide was charged into the flask and was emulsified

for 10 minutes at room temperature. This emulsion was then polymerized at 70^*0 for 5.5 hours in a nitrogen atmos-

30 phere. The resin emulsion product was then coded to room temperature, and a sample (about 10 grams) was freeze

dried and analyzed by GPC to have a weight average molecular weight of 36.000. The solids content of the reaction

yielded 21 .2 percent solkis with an average partide size of 115 nanometers and a glass transition temperature of 4rC.

EXAMPLE IVA

35

An ink comprised of 4 percent by weight of catton black CABOJET 300 obtained from Cabot. 23.2 percent by

weight of sulfblane (obtained from Bayer). 6 weight percent of 2-pyrrolidinone. 0.05 percent by weight of polyethylene-

oxide (M^ = 18.500 g/mole) (obtained from Polysdences), and 1 percent by weight of resin enulsion derived from

Example IV was obtained by the dissolution of tiie PEO In water through simple agitation using a stir bar for about 5

40 minutes, followed the addition of sulfolane and 2-pyrrdidinone and resin emulsion. This mixture was added to a stir-

ring solution of the CABOJET 300 carbon black. The ink mixture was stirred with a stir bar for about 5 to about 1 0 min-

utes. The resulting ink mixture was filtered through a 1 ^m glass fiber filter.

EXAMPLE V
45

A latex resin emulsion comprised of resins derived from 24 percent by weight of methacrylic add. 76 percent by
weight of butyl methacrylate, 2 percent by weight of dodecanethiol and 1 percent by weight of carbon tetrabromide.

A 500 milliliter jacketed glass flask equipped with a mechanical stirrer, 1.8 grams of ammonium persulfate. 1.78

grams of sodium dodecylbenzene sulfonate obtained from Rhone-Poulenc as Rhodacal Ds-10, and 1 .78 grams of Tri-

50 ton X-1 00 (alkylphenoxypolyethanol) available from Union Carbide, and 232 grams of deionized water were deaerated

for 30 minutes. A monomer mixture of 91.2 grams of styrene. 28.8 grams of methacrylic acid, 2.4 grams of

dodecanethid and 1.2 grams of carbon tetrabromide was charged into the flask and was emulsified for 10 minutes at

room temperature. This emulsion was then polymerized at 80''C for 5.5 hours in a nitrogen atmosphere. The solkJs con-

tent of the reaction yielded 37.4 percent solids with an average partide size of 1 12 nanometera.

55

EXAMPLE VA

An inkcomprised of 4 percent by weight of carbon black CABOJET 300 obtained from Cabot. 21 percent by weight

9
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of Gulfblane (obtained from Bayer). 4.8 weight percent of tripropylene glycol monomethyl ether (obtained from Dow
Chemicals). 0.05 percent by weight of pdyethyleneoxlde (M^ = 18,500 g/mde) (obtained from Potysciences). and 1

percent by weight of resin emulsion derived from Example V was obtained by the dissolution of the PEO in water

through simple agitation using a stir bar for about 5 minutes, followed by the adcfition of suHolane and tripropylene glycol

5 monomethyl ether and resin emulsion. This mixture was added to a stirring solution of the CABOJET 300 carbon black.

The ink mixture was stirred with a stir bar for about 5 to about 10 minutes. The resulting ink mixture was filtered through

a 1 ^m glass fiber filter.

COMPARATIVE EXAMPLE 1

10

An ink conprised of 4.5 percent by weight of carbon black CABOJET 300 obtained from Cabot, 20 percent by

weight of sutfblane (obtained from Bayer), 0.05 percent by weight of polyetiiyteneoxkie (M^ » 18.500 gramsAnole)

(obtained from Potysciences) was prepared by dissolution of the PEO in water through simple agitation using a stir bar

for about 5 minutes, followed by the addition of sulfblane. This mixture was added to a stirring solution of the CABOJET
IS 300 carbon black. The ink mixture was stirred with a stir bar for about 5 to about 10 minutes. The resulting ink mixture

was filtered through a 1 ^m glass fiber filter.

COMPARATIVE EXAMPLE 2

20 An ink comprised of 3 percent by weight of cartx>n black CABOJET 300 obtained from Cabot. 22 percent by weight

of sulfolane (obtained from Bayer). 6 percent by weight of 2-pyrrolidinone, 0.05 percent by weight of polyethyleneaxkie

(Mw B 18.500 grams/hiole) (obtained from Polysdences) was prepared by dissolution of the PEO in water through sim-

ple agitation using a stir bar for about 5 minutes, followed by the addition of sulfolane. This mixture was added to a stir-

ring solution of the CABOJET 300 carbon black. The ink mixture was stirred with a stir bar for about 5 to about 10

2S minutes. The resulting ink mixture was filtered through a 1 Mm glass fiber filter. The inkwas jetted using a Xerox 600 dpi

hardware and this ink exhibited a latency of 5 seconds.

Physical Properties of the Inks and Stability Testing Measured at 25''C

60''C/24 hour Heat Treatment

Example Viscosity cPs Surface Tension

D/cm
PH Viscosity cPs Surface Tension

D/cm

pH

lA 2.25 48 7.00 2.30 49 7.00

IIA 1.70 42 6.52 1.66 42 6.53

IMA 1.82 43 6.74 1.76 43 6.74

iVA 2.23 36 6.79 2.20 36 6.72

VA 2.30 44 7.10 2.20 44 7.00

Comparative 1 2.21 59 7.70 2.30 59 7,30

IIB 2.11 42 6.71 2.11 42 6.76

Comparative 2 2.19 53 8.17 2.23 53

- Indicates not measured

so In the above Examples, tiie inks exhibit good stability at room temperature and also when subjected to heat treat-

ment. The Examples did not appear to be affected by the addition of resin emulsion in the context of instability due to

heat treatment or upon standing. All inks are shelf stable with no evklence of settiing or precipitates for at least 8 months

at about 25*'C.

10
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5

Optical Density and Smear Attributes

Optical Density Smear OD

Example Xerox 4024DP Image Series LX Xerox 4024DP Image Series LX

lA 1.49 1.53 0.11 0.10

HA 1.47 1.53 0.08 0.12

IMA 1.48 1.53 0.06 0.12

IVA 1.54 1.57 0.07 0.08

VA 1.47 1.58 0.07 0.10

Comparative 1 1.40 1.45 0.13 0.14

IIB 1.46 1.50 0.06 0.03

Comparative 2 1.30 1.32 0.12 0.14

20

The inks of the invention Examples exhibited high optical density as compared to the corresponding comparative

examples. The smear resistance is evident in the reduction in smear optical density.

25

Wet Smear Resistance Optical Density

Example Image Series LX

IIB 0.12

Comparative 2 0.22

The wet smear resistance is significantly inproved through the use of the resin emulsions.

Other embodiments and modifications of the present invention may occur to those skilled in the art subsequent to

35 a review of the information presented herein; these embodiments and modifications, as well as equivalents thereof, are

also included within the scope of this invention.

Claims

40 1. An ink comprised of a vehicle, colorant, and resin emulsion, and wherein the resin emulsion contains water, sur-

factant, resin particles and solubilized resin obtained from the polymerization of a mixture of olefinic monomers,
and wherein.at least one of the olefinic monomers is an acid.

2. The ink in accordance with claim 1 wherein the colorant is a pigment.

45

3. The ink in accordance with claim 2 wherein the mixture of olefinic monomers is comprised of alkyi acrytate. alkyi

methacrylate. benzyl methacrylate, polyoxyalkytene acrylate, polyoxyalkylene methacrylate, acid olefinic mono-
mer, or styrene functional monomers

so 4. The ink in accordance with claim 3 wherein the polyoxyalkylene acrylate or methacrylate is of the formula

55
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IS wherein R is hydrogen, or alkyi with from about 1 to about 6 carbon atoms, and n is a number of from about 2 to

about 100.

5. The ink in accordance with any of claims 2 to 4 wherein said pigment is present in an amount of from about 2.5 to

about 10 percent by weight of said ink composition.

20

6. The ink in accordance with any of claims 2 to 5 with a latency of from about 20 to about 60 seconds.

7. The ink in accordance with claim 1 further containing t)iocide and humectant and/or ink additives.

^ 8. A high resolution printing process comprising applying in imagewise fashion to a substrate In a printer with at least

one nozzle of a channel width or diameter ranging from about 10 to at>out 40 microns the ink of claim 1.

9. A process for the preparation of a resin emulsion comprised of adding a mixture of olefinic monomers and chain

transfer agents to an aqueous solution comprised of a free radical initiator and surfactant, followed by heating the

30 resultant mixture.

10. The process in accordance with claim 9 wherein the olefinic mixture is comprised of from about 5 to about 15

weight percent of methacrylic acid, from about 40 to about 60 percent by weight of an alkyI or benzyl(meth)acrylate

and from about 0 to about 30 weight percent of polyalkyleneoxide(meth)acrylate. wherein the free radical initiator

35 is benzoyl peroxide, potassium persulfate, or ammonium persulfate utilized in an amount of from about 0.5 to about

2 weight percent of the resins, wherein the chain transfer agent is butylthiol. pentytthiol, hexylthiol. heptylthiol,

octyfthiol, decythid, dodecylthlol. cartoon tetrabromlde, carbon tribromkJe. or carbon tetrachloride utilized In an

amount of from about 0.05 to about 5 weight percent of the resins, heating is from about TO^'C to about 80'*C option-

ally for a duration of from about 3 hours to aboxA 12 hours.

40

45

so

55
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